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Abstract 
Major biological parameters of four permanent (Lake Colac, Modewarre, Bolac and Too- 
liorook), shallow and slightly saline lakes in the volcanic plains of western Victoria, Aus- 
tralia recorded bi-monthly between November 1999-September 2001 are described. Chloro- 
phyll a concentration ranged from 3-29 lag 1-1 with peaks in autumn. Phytoplankton taxa 
recorded were diverse, with Chlorophyta nd Bacillariophyta being common. Cyanobacteri- 
al blooms were recorded mostly in summer. Zooplankton abundance in the lakes ranged 
from 12-368 individuals per litre. Rotifera dominated Lake Bolac, Copepoda dominated 
Lake Modewarre and they co-dominated Lake Colac and Tooliorook. Zooplankton i terac- 
tions with phytoplankton suggest that simple predator-prey relationships cannot fully explain 
the trends exhibited and that a more complex model was acting to regulate algal biomass. A
decline in the abundance of zooplankton i  summer in Lake Modewarre was attributed to 
predation by high number of exotic larval carp at that time of the year. A total of 25 benthic 
macroinvertebrate taxa were recorded from Lake Colac, 30 from Modewarre, 22 from Bolac 
and 35 from Tooliorook. Twenty-one of the 45 taxa identified occurred in at least hree lakes. 
Nine of the 12 taxa that occurred in only one lake were from Lake Tooliorook. Simpson's di- 
versity index was low in Lake Bolac when compared to other three lakes. Lake Modewarre 
had more benthic individuals (3246 Ind m -2) than other three lakes (range 624-1397 Ind 
m-2). The combined contribution of Ostracoda, Amphipoda nd Gastropoda dominated the 
benthos in all the lakes throughout the study period. Macroinvertebrate taxa richness was 
higher in the present study lakes than recorded from the lakes in the region. Frequency of 
sampling and number of sampling sites seemed more important in determining species rich- 
ness than the size and shallowness of the lakes. 
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Introduction 
The role of phytoplankton within a lake is fundamental- 
ly vital as they produce oxygen and food, which sustains 
all other forms of life within that ecosystem. Various 
physico-chemical parameters are responsible for con- 
trolling phytoplankton growth and reproduction, includ- 
ing light, temperature, nutrient concentration, grazing by 
zooplankton and lake currents. In addition to grazing on 
phytoplankton, zooplankton also form an important 
component of the diet of both native and exotic fish 
species (KHAN 2003a). Thus knowledge on their abun- 
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dance and community composition can aid fishery man- 
agement and provide further understanding of invasion 
biology. Benthic macroinvertebrates similar to zoo- 
plankton also form an important food resource of fish 
species in the lakes (KHAN 2003a). The abundance and 
species richness of benthic macroinvertebrates and zoo- 
plankton can be influenced by fish predation or alter- 
ation in their habitat (WILCOX & HORNBACH 1991; 
TATRAI et al. 1994; ZAMBRANO et al. 1998, 2001; KHAN 
et al. 2003) and also by the physical and chemical fea- 
tures of the water body. For example, TIMMS (1980) sug- 
gested that smaller and shallow lakes of western Victo- 
ria, Australia have a less heterogenous environment and 
have fewer species than large and deep lakes. Similarly 
studies have shown a decrease in macroinvertebrate 
species richness with increasing salinity (GEDDES 1976; 
TIMMS 1981, 1983). 
Intensive limnological work has been conducted on the 
western Victorian lakes (BAYLY & WILLIAMS 1966; EPA 
1976; HAMMER 1981 ; DE DECKKER & WILLIAMS 1988; 
KHAN 2003b). However, most of this work has focused 
only on physico-chemical parameters with a little focus 
on biological parameters such as phytoplankton, zoo- 
plankton and macroinvertebrates. There is a lack of bio- 
logical data on the lakes (Lake Colac, Bolac, Modewarre 
and Tooliorook) considered inthe present study with only 
reference to zooplankton and phytoplankton of Lake 
Colac in the studies of SMITH (1972), HAMMER (1981 ) and 
EPA (1976). There is also little published information on 
the macroinvertebrate fauna of these lakes with only ref- 
erences to Lake Colac in the studies of TIMMS (1983) and 
WILLIAMS (1992) and to Lake Modewarre in the study of 
TIMMS (1983). Further more, this information is based on 
single sample collections with no records of spatial and 
temporal changes (TIMMS 1983; WILLIAMS 1992). 
The aim of this paper is to document the major bio- 
logical parameters including chlorophyll concentration, 
zooplankton and macroinvertebrates abundance and 
composition and determine seasonal variations in these 
parameters in the four slightly saline (2-8 ppt) lakes of 
western Victoria, Australia. The present paper will also 
provide more detailed information on the benthic 
macroinvertebrates including spatial and temporal 
changes and will complement the limited published lit- 
erature on the benthos of the lakes of western Victoria. 
Physico-chemical parameters of these four lakes have 
been described in detail in a previous paper (KHAN 
2003b). 
Materials and Methods 
Study lakes and sampling regime 
The four study lakes were Lake Colac, Modewarre, 
Bolac and Tooliorook, located on the volcanic plains of 
south-west Victoria. The location, climate and morpho- 
metric characteristics of the lakes were described in de- 
tail in a previous paper about he physico-chemical pa- 
rameters of the four saline lakes (KHAN 2003b). Four 
sampling sites were chosen across each lake to ascertain 
variations in the biological parameters from one side to 
the far side of the lake (for details on sampling sites see 
KHAN 2003b). Lakes were sampled every two months 
from November 1999 to September 2001. 
Parameters monitored 
Samples for chlorophyll a were collected at each site 
using an integrated water sampler, which collected 
water samples from surface to a depth of 1 metre. Sam- 
ples were transferred into 1 litre polyethylene bottles 
that had been cleaned with 10% HC1 and rinsed with de- 
ionised water. In the laboratory chlorophyll a was deter- 
mined using a spectrophotometric method as described 
in APHA (1989). For phytoplankton and zooplankton 
triplicate samples consisting of five litres were collected 
at each site, filtered through a fine screen of 30 I~m for 
phytoplankton and 80 gm for zooplankton. Concentra- 
tion, preservation and staining of phytoplankton and 
zooplankton was similar as described in APHA (1989). 
Zooplankton were counted by thoroughly mixing the re- 
suspended sample and transferring aliquots to an open 5 
cm square glass counting tray until the whole sample 
was counted. The results of each zooplankton replicate 
were then averaged, and zooplankton per litre calculat- 
ed for each site along with standard errors. For phyto- 
plankton only species composition and the number of 
times a species recorded over a two year period was de- 
termined. 
Triplicate samples of benthos were taken at each site 
using an Ekman grab (15 x 15 cm). The collected sam- 
ples were washed through a net having a mesh size of 
250 ~tm. This net was used to sift the samples in the 
field. In the field, the sieved animals along with the re- 
maining organic matter were transferred to screw tight 
plastic jars and preserved by adding 80% alcohol. In the 
laboratory, small portions of the preserved samples were 
transferred from jars into a petri dish and the animals 
sorted. The procedure was repeated until all the samples 
were sorted. Sorted animals were preserved in 80% alco- 
hol and later identified and counted under a low power- 
dissecting microscope. Mean number of Ind m -2 was cal- 
culated at each site by averaging the data of the three 
replicates. 
Phytoplankton, zooplankton and macroinvertebrates 
were identified to the lowest possible taxonomic level 
using appropriate keys and reference books (WILLIAMS 
1980; SHIEL 1995; CSIRO 1996a, b, 1999; ENTWISLE et al. 
1997; HAWKING & SMITH 1997; INGRAM et al. 1997; 
HOTZEL & CROOME 1999). 
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Data analysis 
Coefficient of variation (CV) was used to explore vari- 
ability between sites. In addition to this one-way 
ANOVA was also used to determine the differences be- 
tween sites in each lake. Pearson correlation coefficient 
was used to determine r lationship between chlorophyll 
a, nutrient concentration a d zooplankton abundance. 
To measure the dominance and diversity of benthic 
macroinvertebrates in each lake Simpson's index of 
dominance (1) and Simpson's index of diversity (Ds) 
(SIMPSON 1949) were used. The measure of dominance 
(l) is the concentration f individuals among species. 
This measure shows that if two individuals are taken at 
random from a community, the probability that the two 
will belong to the same species. Simpson's index of di- 
versity (Ds) is a measure of diversity that expresses the 
probability of two randomly selected individuals be- 
longing to two different species. 
Results 
Among the measured parameters variation between sites 
across lakes for chlorophyll a was low and coefficient of 
variation (CV) ranged from 0.02-0.2 for almost all the 
sampling events. Maximum variation occurred for two 
sampling events in Lake Bolac (0.6) and in Lake Too- 
liorook (0.5). This was due to a high concentration f 
chlorophyll a recorded at one site in both the lakes. Sim- 
ilarly, ANOVA was not able to detect significant differ- 
ences in the concentration f chlorophyll a between the 
sites (P ranged from 0.30-0.98). Mean values for the 
four sites were thus considered representative of the av- 
erage lake conditions. 
Variation between sites in the abundance ofzooplank- 
ton in the lakes was itself variable. In Lake Colac and 
Bolac the coefficient of variation for all the sampling 
events fell within 0.04-0.36, except hree sampling 
events when the CV ranged from 0.45-0.7. CV between 
sites was similar in Lake Modewarre with all the values 
falling between 0.08-0.52. The variation between the 
sites in Lake Tooliorook was relatively high with CV be- 
tween 0.42-0.73 for seven sampling events. ANOVA 
was not able to detect significant differences inthe abun- 
dance of zooplankton between sites in any lake (P 
ranged from 0.13-0.39). The low variability validates 
the use of four samples taken from each lake and results 
were averaged across all the sites. 
There were no significant differences in the abun- 
dance of benthic macroinvertebrates b tween sites in 
any of the lakes (P ranged from 0.18-0.64). At the lake 
scale, calculated standard errors for each sampling were 
relatively high suggesting that there were differences in
the abundance between sites with this variability some- 
times reaching above 50% of the mean abundance. 
However, the variability between sites was not consis- 
tent with a site having low relative abundance on one oc- 
casion but high abundance r lative to the other three 
sites on another occasion. In contrast to large differences 
between sites, low differences were observed in the ben- 
thos abundance between replicate samples at each site. 
Three samples at each site provided a standard error 
which was always less than 5% of the mean, thus tripli- 
cate samples at each site were sufficient to give a repre- 
sentative sample of benthos at each site. Almost invari- 
ably at least 90% of the species recorded at each site in 
each lake were obtained by the second grab. In Lake 
Tooliorook, at all the sampling events all species were 
recorded by the second grab at each site. 
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Fig. 1. Concentration of chlorophyll a (tJg I-~ -+ SE) in the four study lakes recorded between November 1999-September 2001. 
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Chlorophyll a 
Chlorophyll a concentrations i  the lakes ranged from a 
minimum of 3 gg 1 -I to a maximum of 29 ~ag 1-1 and max- 
imum values for all the lakes were recorded in March or 
May (Fig. 1). There was a distinct and regular seasonal 
pattern in chlorophyll a concentration in Lake Mode- 
warre. Chlorophyll a concentration was high (~25 gg 
1-1 ) during late summer and early autumn (January and 
March) and low (~8 ~tg 1 -l) during winter (May- 
September). This trend was weak in the other three 
lakes, with Lake Bolac showing least variation in 
chlorophyll a concentration between seasons. 
Phytoplankton 
Chlorophyta nd Bacillariophyta were the dominant 
phytoplankton groups in all the lakes. Chlorophyta had 
the highest taxa richness with Closterium, Cosmarium 
and Klebsormidium being common. Closterium was 
continually present during the study period and became 
one of the dominant taxa during the winter, when other 
species were less abundant (Table 1). The most common 
taxa in Bacillariophyta were Cyclotella and Fragilaria. 
Cyanobacterial blooms were common in late summer 
and autumn but did occurred through winter as well. Mi- 
crocystis was present in all lakes and in addition An- 
abaena was recorded in Lake Colac. Less common taxa 
of Dinophyta, Euglenophyta, Phaeophyta, Rhodophyta 
and Tribophyta were also recorded. 
Zooplankton 
Fourteen taxa of zooplankton were recorded in Colac, 
12 in Modewarre, 9 in Bolac and 18 in Tooliorook. 
Among cladocerans the dominant species were Daph- 
nia carinata and Moina micrura, in Copepoda, 
Boeckella triarticulata, Mesocyclops leuckarti, and in 
Rotifera Brachionus angularis, B. calyciflorus and 
Keratella ustralis. The abundance ofzooplankton var- 
ied during the study, with ranges of 86-368, 49-163, 
12-238 and 10-136 individuals per litre (Ind 1-1) for 
Colac, Modewarre, Bolac and Tooliorook, respectively. 
Zooplankton numbers were slightly higher in summer 
(November-March) compared to the rest of the year for 
Colac, Bolac and Tooliorook (Fig. 2). This was most 
notable in the 1999-2000 summer. However, a con- 
trasting trend was observed in Lake Modewarre where 
zooplankton numbers were slightly lower in summer 
than the rest of the year (Fig. 2). Rotifera dominated 
Lake Bolac, Copepoda dominated Lake Modewarre 
and they co-dominated Lake Colac and Tooliorook 
(Fig. 2). Cladocera occurred in low numbers in all the 
lakes but were relatively abundant inLake Modewarre 
and Tooliorook. 
Benthic macroinvertebrates 
A total of 25 taxa were collected from Lake Colac, 30 
from Lake Modewarre, 22 from Lake Bolac and 35 from 
Lake Tooliorook (Table 2). Twenty-one of the 45 taxa 
identified occurred in at least hree lakes. Nine of the 12 
taxa that occurred in only one lake were from Lake Too- 
liorook. Three species of Ostracoda were recorded, with 
three lakes having all species but Lake Bolac having 
only two species. Amphipoda comprised of a single 
Table 1. List of phytoplankton taxa recorded from the four study 
lakes between November 1999-September 2001. Numbers against 
each taxa refers to the number of times a taxa was recorded over a 
two year period consisting of 12 samplings. 
Taxa Colac Mode- Bolac Toolio- 
warre rook 
Bacillariophyta 
Cocconeis p. 5 5 5 4 
Cydotella sp. 8 5 9 7 
Fragilaria sp. 0 9 7 0 
Melosira sp. 0 5 0 0 
Navicula sp. 5 7 0 0 
Nitzschia sp. 4 0 0 0 
Stauroneis p. 4 5 2 3 
Tabellaria sp. 7 0 0 0 
Chlorophyta 
Botryococcus sp. 0 0 6 0 
Closteriurn sp. 10 7 9 6 
Cosmarium sp. 7 6 5 8 
Cladophora sp. 4 0 0 0 
Klebsormidium sp. 6 6 5 5 
Kirchneriella sp. 0 5 0 0 
Microspora sp. 7 7 5 5 
Mougeotia sp. 6 5 0 0 
Oocystis p. 0 5 0 7 
Scenedesmus sp. 0 7 6 0 
Spirogyra sp. 0 7 0 0 
Staurastrurn sp. 0 8 0 0 
Stigeodonium sp. 0 5 4 0 
Stichococcus sp. 5 0 0 0 
Cyanobacteria 
Anabaena sp. 6 0 0 0 
Microcystis p, 6 7 5 7 
Dinophyta 
Gymnodinium sp. 0 6 0 0 
Ceratium sp. 0 0 7 0 
Euglenophyta 
Eug/ena sp. 0 6 8 0 
Trachelomonas sp. 0 6 0 5 
Phaeophyta 
Ectocarpus p. 6 6 4 4 
Rhodophyta 
Compsopogon sp. 0 6 3 4 
Tribophyta 
Tribonema sp. 0 6 0 6 
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Table 2. Average numbers (AN _+ SE) of benthic Ind m -2 and average benthos (AB%) calculated as % contribution of each taxa to average 
macroinvertebrate numbers recorded from four study lakes sampled between November 1999-September 2001 .Average of 3 samples per site, 
four sites per lake and 12 sampling occasions. 
Taxa Lake Colac Lake Modewarre Lake Bolac Lake Tooliorook 
AN AB% AN AB% AN AB% AN AB% 
Crustacea 
Ostracoda 
Cypricercus p. 238_+ 124 
Mytilocypris plendida 71_+21 
Ilyocypfis australiensis 37_+ 18 
Total Ostracoda 346_+ 146 
Amphipoda 
Austrochiltonia subtenuis 44_+10 
Decapoda 
Arnarinus /acustris 0 
Paratya austrafiensis 0 
Total Decapoda 0 
Syncarida 
Koonunga sp. 0 
Mollusca 
Gastropoda 
Victodrobia sp. 1 _+1 
Fluvidona sp. 28_+9 
Coxiella striata 35_+ 14 
Leichhardtia sp. 0 
Ancylastrum sp. 0 
Physa acuta 0 
Potamopyrgus nigra 0 
Total Gastropoda 64_+22 
Bivalvia 
Sphaeriurn sp. 29_+ 13 
Pisidium sp. 19+10 
Hyridella sp. 0 
Total Bivalvia 48_+17 
Insecta 
Hemiptera 
Micronecta ustraliensis 11_+5 
Sigara sublaevifrons 2_+ 1 
Agraptocorixa eurynome 16_+8 
Anisops deanei 0 
Total Hemiptera 29_+12 
Coleoptera 
Berosus sp. 2_+ 1 
Hydrochus p. 0.5 
Sternopriscus maedfooti 0 
Omalium sp. 0 
Necterosorna regulare 0 
Total Coleoptera 2_+1 
Diptera 
Chironomus australis 0 
C. duplex 32_+16 
Dbmesinae sp. 3_+ 1 
Bezzia sp. 6_+ 1 
Prodadius sp. 0 
Chaoborus p. 0 
Eristalis p. 0 
Total Diptera 40_+17 
38 .1  1010+260 31.1 117+57 18.7 191_+64 13.6 
11.4 296+86 9.1 27-+9 4.3 121-+52 8.6 
5.9 192-+51 5.9 0 0 111+50 7.9 
55 .4  1498_+321 46.2 144_+63 23.0 422_+148 30.2 
7.0 936_+336 28 .8  378_+133 60.4 427___130 30.6 
0 9_+3 0.3 0 0 1_+1 0.1 
0 0 0 0 0 2_+1 0.1 
0 9 0.3 0 0 3_+1 0.2 
0 0 0 0 0 1_+1 0.1 
0.1 0 0 0 0 66_+15 4.7 
4.5 50_+11 1.5 4_+1 0.6 67_+20 4.8 
5.5 358_+133 11.0 11_+4 1.8 244_+24 17.5 
0 0 0 0 0 4_+1 0.3 
0 0 0 0 0 3_+1 0.2 
0 0 0 0 0 39_+9 2.8 
0 0 0 5_+2 0.8 0 0 
10 .2  408___135 12.6 20_+6 3.2 422_+86 30.2 
4.6 0 0 9_+3 114 11_+4 0.8 
3.0 1_+1 0.04 0.1_+0 0.1 11_+5 0.8 
0 0 0 0 0 3_+1 0.2 
7.6 1 0.04 9_+3 1.5 24_+9 1.7 
1.8 9_+4 0.3 5_+1 0.7 2_+1 0.2 
0.3 7_+3 0.2 4_+1 0.6 2_+1 0.1 
2.6 4_+1 0.1 6_+4 1.0 4_+1 0.3 
0 0 0 0 0 1_+1 0.1 
4.7 20_+8 0.6 15_+5 2.3 9_+2 0.7 
0.3 3_+1 0.1 3_+1 0.4 1_+1 0.1 
0.1 0 0 0 0 0.2_+0 0.01 
0 1___1 0.04 2___1 0.3 0 0 
0 2+1 0.1 0 0 0 0 
0 0 0 3_+1 0.5 1_+1 0.1 
0.3 6_+2 0.2 8_+3 1.2 2_+1 0.2 
0 2_+1 0.1 0 0 0.4_+0 0.03 
5.1 127_+36 3.9 6_+2 1.0 15_+4 1.1 
0.4 33_+6 1.0 0 0 10+2 0.7 
0.9 5_+1 0.1 6_+4 1.0 0 0 
0 7_+3 0.2 0 0 9_+3 0.6 
0 1_+1 0.03 3_+1 0.4 0 0 
0 0 0 0 0 1_+1 0.1 
6.4 175_+37 5.4 15-+6 2.4 35+8 2.5 
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Taxa Lake Colac Lake Modewarre Lake Bolac Lake Tooliorook 
AN AB% AN AB% AN AB% AN AB% 
Trichoptera 
AIIoecellagrisea 54-2 0.9 524-12 1.6 34-1 0.5 22+7 1.6 
Triplectides australis 34-1 0.4 74-2 0.2 0 0 124-4 0.9 
A triplectides dubius 14-1 O. 2 0 0 0 0 2 4-1 O. 1 
Triaenodes volda 0 0 0.4_+0 0.01 24-1 0.4 0 0 
lVotalina spira 0 0 24-1 O. 1 0 0 0 0 
Aphilorheithrus p. 0 0 274-8 0.8 24-1 0.3 34-1 0.2 
Total Trichoptera 94-3 1.4 894-17 2.7 74-2 1.2 394-10 2.8 
Odonata 
Ischnura aurora aurora 0 0 0 0 0 0 34-1 0.2 
Hymenoptera 
Unidentified 14-1 0.2 0.44-0 0.01 0 0 0 0 
Oligochaeta 
Antipodrilus timmsi 15___4 2.3 854-24 2.6 244-12 3.8 84-2 0.5 
Naididae (unidentified) 154-5 2.5 54-2 0.2 54-1 0.8 0 0 
Total Oligochaeta 304-9 4.8 904-24 2.8 294-12 4.6 8 0.5 
Arachnida 
Eylais sp. 2___ 1 0.4 104-4 0.3 0 0 0 0 
Collembola 
Prisotoma sp. 104-4 1.6 34-1 0.1 0 0 2_+ 1 0.1 
Benthic Ind m -2 625 3246 624 1397 
Number of taxa/lake 25 30 22 35 
Table 3. Benthic Ind m-< number of taxa, Simpson's dominance and diversity indices for benthic macroinvertebrates in the four study lakes 
between November 1999-September 2001. 
Lake Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Mean 
Colac 
Benthiclnd m -2 565 738 201 1201 546 453 115 682 498 449 90 1963 625 
Number of taxa 21 16 10 18 16 13 11 15 19 14 17 18 25 
Simpson's dominance index 0.18 0.26 0.24 0 .22  0 .23 0.21 0.22 0.30 0.16 0.26 0.08 0.19 0.18 
Simpson's diversity index 0.82 0.74 0.76 0.78 0 .77 0.79 0.78 0.70 0.84 0.74 0 .92 0.81 0.82 
Modewarre 
Benthiclnd m -2 1624 887 3859 4837 16890 2539 1348 1286 1355 912 1094 2317 3246 
Number of taxa 27 21 23 25 24 19 24 25 26 24 16 20 30 
Simpson's dominance index 0.25 0.30 0.39 0.15 0 .25 0.16 0.15 0.16 0 .22  0.19 0.39 0.53 0.21 
Simpson's diversity index 0.75 0.70 0.61 0.85 0 .75 0.84 0.85 0.84 0.78 0.81 0.61 0 .47  0.79 
Bolac 
Benthic Ind m -2 311 256 346 2348 1116 205 770 547 611 242 405 328 624 
Number of taxa 21 21 21 20 20 16 13 21 21 18 16 19 22 
Simpson's dominance index 0.12 0.14 0.51 0.44 0 .43 0 .23  0.54 0.44 0.48 0 .43  0.50 0.44 0.41 
Simpson's diversity index 0.88 0 .86  0.49 0.56 0 .57 0 .77  0 .46  0.56 0 .52  0.57 0.50 0.56 0.59 
Tooliorook 
Benthiclndm -2 1998 329 419 937 4512 2770 1132 847 1532 879 305 1109 1397 
Number of taxa 33 32 27 29 23 23 19 33 27 21 27 19 35 
Simpson's dominance index 0.21 0.33 0.08 0 .16  0 .26  0.26 0.30 0 .13 0.15 0.50 0.19 0.21 0.16 
Simpson's diversity index 0.79 0 .67  0 .92  0.84 0.74 0.74 0.70 0 .87  0.85 0.50 0.81 0.79 0.84 
Limnologica (2003) 33,327-339 
334 Tariq A. Khan 
100' 
80 '  
x~ 60  ¸  
o ° 4o 
20 ¸  
0 ¸ 
Lake Colac 
N J M M J S N J M M 
100- 
80 
60 
40 
20 
0 
Lake Modewarre 
11111111 
N J M M J S N J M M J 
Lake Bolac 
1°°1°-- l i i i. i i 0 § Go i :- 
N J M M J S N J M M J S 
100- 
80 
60 
40 
20 
0 
Lake Tooliorook 
:52 i 
M M S N 
Month 
ii 
J M M J 
NOst []Amp []Gas []Dip •O l i  []Oth 
Fig. 3. Mean percent contribution of the major benthic macroinver- 
tebrate orders to the total benthos in the four study lakes recorded 
between November 1999-September 2001. Ost = Ostracoda, Am p = 
Amphipoda, Gas = Gastropoda, Dip = Diptera, Oil = Oligochaeta and 
Oth = others. 
species and this was recorded in all lakes. Gastropoda 
and Diptera had the highest species richness with Lake 
Tooliorook relatively rich in Gastropoda and both Too- 
liorook and Modewarre relatively rich in Diptera. 
Coleoptera and Trichoptera were species rich taxa (5 and 
6 respectively) but only one species of each was present 
in all four lakes. Most species of Bivalvia, Hemiptera 
and Oligochaeta were recorded in at least hree lakes but 
all species of Decapoda, Syncarida, Odonata, Hy- 
menoptera and Arachnida were recorded in only one or 
two lakes. These latter taxa were also characterised by
low species richness. 
Lake Modewarre had more benthic individuals than 
any other lake. The average number of benthic individu- 
als in Lake Modewarre was 3246 Ind m -2. Lake Colac 
and Lake Bolac had the lowest abundance (625 and 624 
Ind m -2 respectively) while as Lake Tooliorook had an 
intermediate abundance (1397 Ind m -2, Table 2). The av- 
erage Simpson's dominance index was high in Lake 
Bolac (0.41), which suggests that there is a probability 
of 41% that wo individuals taken at random, will belong 
to the same species. Simpson's dominance index was 
low in the other three lakes (0.16-0.21, Table 3). Conse- 
quently Simpson's diversity index was low in Lake 
Bolac (0.59) and high in other three lakes (0.79-0.82). 
The combined contribution of Ostracoda, Amphipo- 
da and Gastropoda dominated the benthos in all the 
lakes. The contribution of these three orders to total 
benthos community in Lake Colac ranged from 
29-90%. However, in the other three lakes their contri- 
bution to total benthos community was high and ranged 
between 58-97% (Fig. 3). Ostracoda consisted of three 
species, Cypricercus p., Mytilocypris plendida nd 
Ilyocypris australiensis. Of the three species Cypricer- 
cus sp. was abundant in all the lakes. In Lake Colac and 
Modewarre Ostracoda formed 55% and 46% of total 
benthos community respectively (Table 2). However, in 
Lake Bolac and Tooliorook Ostracoda only formed 23 % 
and 30% of total benthos community respectively 
(Table 2). Amphipoda consisted of a single species Aus- 
trochiltonia subtenuis and was present throughout the 
study period in all the lakes. The average contribution 
of Amphipoda to total benthos community was low in 
Lake Colac (7%), high in Lake Bolac (60%) and inter- 
mediate in Lake Modewarre and Tooliorook (29 and 
31% respectively, Table 2). Gastropoda consisted of 
seven species. Of the seven species Coxiella striata and 
Fluvidona sp. were most common and present in all the 
lakes. The average contribution of Gastropoda tototal 
benthos community varied between lakes and formed 
10%, 13%, 3% and 30% in Lake Colac, Modewarre, 
Bolac and Tooliorook respectively (Table 2). There 
were no consistent seasonal patterns in the abundance 
of the above orders though the abundance varied be- 
tween sampling events (Fig. 3). 
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Several additional orders of macroinvertebrates were 
also recorded, however, these orders were less abundant 
with none of these forming more than 10% of total ben- 
thos community (Table 2). There were also some orders 
of macroinvertebrates, which were not present in all 
lakes. 
Discussion 
Chlorophyll a 
In three of the lakes chlorophyll a concentration tended 
to increase through summer, remain high in early au- 
tumn and then decrease in winter with fluctuations 
through to late spring. Minimal rainfall and increased 
water temperature during the summer probably favoured 
the growth of algae and this increase was reflected in an 
increase in chlorophyll a concentration. In the fourth 
lake, Lake Tooliorook, peaks in chlorophyll a appeared 
to be later and a steady increase over summer was not 
apparent. 
Chlorophyll a concentration i  the lakes studied was 
low despite high nutrient concentrations (KHAN 2003b). 
A possible cause for low chlorophyll a concentration 
could be zooplankton grazing on phytoplankton. How- 
ever, the correlation between chlorophyll a concentra- 
tion and zooplankton abundance was weak in Lake 
Colac, Bolac and Tooliorook (P -- 0.02-0.04), suggest- 
ing that the winter decline in chlorophyll a was not due 
to zooplankton grazing. However, in Lake Modewarre a
slightly strong negative correlation was observed be- 
tween chlorophyll a and zooplankton abundance (P -- 
-0.54). The high zooplankton umbers coincided with 
low algal biomass and low zooplankton umbers coin- 
cided with high algal biomass. Separating the relative 
roles of light and temperature from zooplankton grazing 
is thus difficult in this lake. In Lake Tooliorook it is 
tempting to attribute low chlorophyll a values in 
November 1999 and January 2000 to the high zooplank- 
ton abundance observed in this period. However, zoo- 
plankton numbers peaked in March 2000, which coin- 
cided with high values for chlorophyll a, undermining 
speculation that zooplankton grazing was the primary 
control of chlorophyll a in this lake. 
No significant or strong correlation was observed be- 
tween chlorophyll a and nutrients in any of the lakes. 
Since the three lakes (Modewarre, Bolac and Tooliorook) 
are substantially phosphorus limited (KHAN 2003b), 
therefore the influence of nitrogen on the chlorophyll a
concentration i these lakes is minimal. However, for 
Lake Colac, which is nitrogen limited any increase in the 
concentration of nitrogen is going to influence the 
chlorophyll a concentration. Hence it is plausible that a 
phosphorus limitation in three and nitrogen limitation in 
one is limiting the chlorophyll a concentration. 
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The most obvious reason for low chlorophyll a con- 
centration i  all the lake studied is because of the limited 
light conditions. Secchi disc transparency was low over 
the study period (KHAN 2003b), these limited light con- 
ditions could have limited the algal production, which 
subsequently lead to a low chlorophyll a concentration. 
If light transmission was increased higher algal biomass 
might be expected. This was corroborated when algal 
blooms developed in 1975-1976 in Lake Colac, when 
light conditions were good (EPA 1976). 
Phytoplankton 
Saline lakes of western Victoria are characterised by a 
paucity of phytoplankton species and dominance by a 
single species (SMITH 1972; HAMMER 1981). SM~T~ 
(1972) reported that the number of phytoplankton 
species in Lake Colac was low and recorded the diatom 
Amphora nd abundant presence of Cladophora. HAM- 
MER (1981) recorded only eight species from Lake Colac 
with domination by Microcystis, Rhizoclonium and Eu- 
glena. EPA (1976) recorded the presence of 25 species 
from Lake Colac and intense blooms of Microcystis 
were reported. Typically, phytoplankton species richness 
decreases with increased productivity and increased 
salinity (WILLIAMS 1992). Given that lakes in the present 
study were slightly saline, high species richness in these 
lakes was expected. 
Of the four lakes, Lake Colac potentially provided a
favourable situation for the growth of Cyanobacteria be- 
cause nitrogen was the limiting nutrient and Cyanobacte- 
ria are capable of nitrogen fixation (WETZEL 2001), thus 
providing them with greater competitive advantage over 
other groups. As lakes become more nitrogen limited, the 
occurrence of nitrogen fixing bacteria may increase (LI- 
JKLEMA 1994). This has empirical support from Lake 
Caregelligo, New South Wales, where lowering of the 
N:P ratio stimulated cyanobacterial ncreases (BOWLING 
1994). However, Cyanobacteria appeared to have low 
persistence in Lake Colac compared to other lakes sug- 
gesting more complex community structuring forces 
than N:P ratio alone. Microcystis was widely distributed, 
with Anabaena only recorded in Lake Colac. Microcystis 
is tolerant of wide temperature variations (BOWLING 
1994) and in Lake Modewarre, Bolac and Tooliorook 
Microcystis persisted uring the cold winter months. 
ROBERTS & ZOI-tORY (1987) provided evidence that 
blooms are possible in cold waters, although the best 
growth rates were achieved at temperatures greater than 
15 °C, and the maximum rates occurred at 25 °C or more. 
Zooplankton 
The total zooplankton standing crop in all the takes was 
high (50-220 Ind 1-1) when compared to a previous tudy 
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on Lake Colac (SMITH 1972), but was low when com- 
pared to two other studies in the region (WALKER 1973; 
HAMMER 1981). SMITH (1972) while studying the zoo- 
plankton community of Lake Colac observed a mean 
value of 86 Ind 1-1 compared to 223 Ind 1-1 in the present 
study. SMITH (1972) suggested that the total zooplankton 
standing crop in Lake Colac was high with Daphnia car- 
inata and Boeckella triarticulata the main contributing 
species. WALKER (1973) recorded amaximum of 7100 
Ind 1-1 Brachionus pIicatilis in Lake Werowrap. Similar- 
ly HAMMER ( 1981) recorded adensity of Brachionus pIi- 
catilis of 34000 Ind 1-1 from Lake Red Rock Tam and 
this was the dominant species in two other lakes (Lake 
Coragulac and Corangamite). The large population of B. 
pIicatilis in Red Rock Tarn was associated with the high- 
est rates of phytoplankton production. The low abun- 
dance of Brachionus and other otifers in the lakes of the 
present study may be because of low algal production. 
The mean chlorophyll a level in the present study ranged 
from 12-16 ~ag 1-1, whereas the chlorophyll a concentra- 
tions in Lake Werowrap and Red Rock Tam were 810 
and 1050 ~g 1-1 respectively (WALKER 1973; HAMMER 
1981). 
The temporal trends exhibited by the zooplankton 
communities how a steady state of low population 
numbers during winter and early spring. Zooplankton 
numbers then increased at the same time as algal 
biomass increased; suggesting food availability could be 
controlling zooplankton umbers. However, a contrast 
trend was observed in the Lake Modewarre where zoo- 
plankton numbers were slightly lower in the summer 
than the winter months. Studies have suggested that zoo- 
plankton communities are structured by both biotic and 
abiotic components (GEDDES 1984; MCCAULEY & MUR- 
DOCH 1990; BURKS et al. 2001; KHAN et al. 2003). How- 
ever, availability of food is one of the most important 
factors influencing the population dynamics of zoo- 
plankton (McCAULEY & MURDOCH 1990). These factors 
are highly variable through time and space, resulting in 
small-scale spatial and temporal variations in zooplank- 
ton community structure and abundance. When assess- 
ing seasonal trends of zooplankton, the frequency of 
sampling is thus important. Sampling after every two 
months may prove too infrequent, as populations of ro- 
tifers, especially, are thought o increase and decline 
within days. 
Separating the relative importance of controlling fac- 
tors for the zooplankton community dynamics was not 
an aim of the present study but a few observations can be 
made. A potential cause for the observed summer de- 
cline in zooplankton i Lake Modewarre was either pre- 
dation by invertebrates or vertebrates. Among the verte- 
brate predators, juvenile exotic carp (Cyprinus carpio) 
was the most abundant fish in Lake Modewarre during 
summer, and it consumed zooplankton especially large 
bodied Daphnia (KHAN 2003a). Juvenile carp can sub- 
stantially alter zooplankton community structure by re- 
ducing the abundance of large bodied cladocerans 
(KHAN et al. 2003). The low density of zooplankton i  
Lake Modewarre in the summer of both sampling years 
coincided with carp spawning and potentially, intense 
predatory pressure by juvenile carp. Exotic carp in Aus- 
tralia are implicated in causing algal blooms by predat- 
ing upon the algal grazers. Further investigations on the 
role of carp in causing algal blooms through predation 
on zooplankton could benefit algal bloom management 
and understanding of invasion biology. 
Benthic macroinvertebrates 
Published information on the benthos of the study lakes 
is available for two of the four lakes, Lake Colac (TIMMS 
1983; WILLIAMS 1992) and Lake Modewarre (TIMMS 
1983). However, given the homogeneity of the fauna in 
the saline lakes of western Victoria (WILLIAMS 1992), 
closely related species were expected in Lake Bolac and 
Table 4. Number of benthic macroinvertebrate taxa, mean abundance of benthic Ind m -2 and salinity range recorded from the four study lakes 
between November 1999-September 2001 and those of other western Victorian lakes. 
Author Lake Number of taxa Abundance (Ind m -2) Salinity (ppt) 
Present study 
TIMMS (1981) 
TIMMS (1983) 
Colac 25 625 2-3 
Modewarre 30 3246 5-8 
Bolac 22 624 2-6 
Tooliorook 35 1397 2-4 
Purrumbete 37 3048 0.3 
Bullen Merri 12 4074 7-8 
Gnotuk 7 1942 50-56 
Colac 5 4304 1.3 
Modewarre 9 5544 4.0 
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Tooliorook. Ostracoda, Amphipoda and Gastropoda 
have commonly been reported from the lakes of western 
Victoria (BAYLY 8~; WILLIAMS 1966; GEDDES 1976; 
TIMMS 1981, 1983; WILLIAMS 1992), and these orders 
dominated the benthos in the present study. A change in 
the abundance of any of these orders was reflected in 
total benthos abundance. Similar results were obtained 
by TIMMS (1981) for another Victorian lake, Lake 
Purrumbete, where species dominance was shared by 
three orders. 
WILLIAMS (1992) did not record the gastropod, Cox- 
iella striata from Lake Colac and suggested that the 
fauna of this lake is significantly different from those 
found in other moderately saline and freshwater lakes in 
western Victoria. In contrast, in the present study Coxiel- 
la striata was recorded from Lake Colac and other three 
lakes, and its abundance was higher than any other gas- 
tropod. TIMMS (1983) did not recorded Coxiella striata 
and the amphipod, Austrochiltonia subtenuis from Lake 
Colac. However, A. subtenuis was recorded by 
WILLIAMS (1992) from Lake Colac and was also record- 
ed in the present study from all the lakes. 
Species richness was higher in the present study than 
all previous studies on saline lakes, though TIMMS 
(1981) recorded high species richness in the freshwater 
Lake Purrumbete (Table 4). TIMMS (1983) recorded only 
five taxa of benthic macroinvertebrates from Lake Colac 
and nine from Lake Modewarre, compared to 25 and 30 
respectively in the present study (Table 4). However, not 
all 25-30 species were present in Lake Colac and Mode- 
warre throughout the study period. Many of the taxa in 
both lakes were recorded only a few times over the two- 
year period and some appeared only once. The number 
of taxa, which occurred regularly and in high abundance 
in these two lakes, was approximately 10. The study of 
TIMMS (1983) was based on a single sample collection 
and the author further suggested that the species list pre- 
sented should be taken with caution possibly because 
some active species were missed during sampling. The 
present study confirms this suggestion. 
Mean total benthos abundance was generally low in 
the present study lakes compared with previous tudies 
on the two study lakes (Table 4). The total benthos abun- 
dance in the study lakes varied significantly between 
sampling events. For example, in Lake Modewarre the 
abundance ranged from 914-16892 Ind m 2. Estimation 
of the mean abundance from a single sampling event is 
confounded by this variability. Since the benthos am- 
ples collected by TIMMS (1983) are based on single sam- 
ple collections they do not provide an overall estimate of 
the mean or variation in abundance of benthic macroin- 
vertebrates. It is suggested that differences observed be- 
tween TIMMS (1983) and the present study are due to 
sampling differences and do not represent changes in 
abundance over time. 
Smaller and shallower lakes are known to have a less 
heterogenous environment than larger deeper lakes 
(TIMMS 1980). This results in fewer species, and wind 
induced stirring of the substrate has been reported to in- 
hibit colonisation by many benthic species (TIMMS 
1980). However, this trend of small and shallow lakes 
having fewer species does not apply to the present study 
lakes. For example, the smallest of all the lakes studied 
(Lake Tooliorook) had 35 taxa. It seems that intensity 
and frequency of sampling is more important than lake 
size in comparing studies on these lakes. The second 
issue is the number of sampling sites in each lake. In the 
present study, only four sites were sampled in each lake 
regardless of their size. Four sites for Lake Tooliorook 
and Modewarre (the smallest of the study lakes) covered 
proportionately more of the lake than in Lake Colac and 
Bolac (the largest of the study lakes). The highest num- 
bers of taxa were recorded in the smallest two lakes. Had 
there been more sites in the larger lakes, more taxa may 
have been recorded. Thus it seems at least for the study 
lakes that frequency of sampling and the number of sam- 
pling sites is more important in determining an estimate 
of species richness than the size and shallowness of the 
lakes as suggested by TIMMS (1980). A quantitative 
study of sampling frequency and sample number based 
on performance curves would contribute to future re- 
search on lake benthos (BROWER et al. 1998). 
The major surveys on saline lakes (BAYLY & 
WILLIAMS 1966; GEDDES 1976; GEDDES et al. 1981; 
TIMMS 1981, 1983) have implied decreasing species rich- 
ness with increasing salinity. At lower salinities Gas- 
tropoda and Oligochaeta re important, but at higher 
ones Ostracoda nd Isopoda are of increasing impor- 
tance. Chironomids may dominate at any salinity (TIMMS 
1981). TIMMS (1981) recorded 37 species of benthic 
macroinvertebrates from freshwater Lake Purrumbete 
(0.3 ppt salinity), 12 in Lake Bullen Merri (7-8 ppt) and 
7 in Gnotuk (50-56 ppt, Table 4). Given that the salinity 
of three out of the four lakes in the present study was less 
than that of Lake Bullen Merri and in the fourth, Lake 
Modewarre, salinity was similar to Lake Bullen Merri 
one might expect o observe a salinity induced trend in 
species richness. This was not the case and the present 
study, like that of DE DECKKER & GEDDES (1980), calls 
into question salinity induced trends in species richness 
at relatively low salinities (<10 ppt). Some Australian 
studies (e.g. GEDDES 1976; GEDD~S et al. 1981; TIMMS 
1981) have shown that there is an initial decrease in di- 
versity with increasing salinity from freshwater to15-40 
ppt, followed by little change up to 100 ppt but low sam- 
pling frequency, sample numbers within lakes and repli- 
cation of lakes decreases confidence in these trends. 
Since the salinity of all the study lakes (2-8 ppt) was 
well below threshold levels for species tolerance thus 
salinity was not expected to influence species richness 
Limnologica (2003) 33, 327-339 
338 Tariq A. Khan 
and abundance. Ostracoda have been reported at a wide 
range of salinities from freshwater (TIMMS 1981) to 160 
ppt (DE DECKKER & GEDDES 1980). Amphipoda are 
common inhabitants of moderately saline waters and ex- 
tend from freshwater to salinities near 29 ppt (LIM & 
WILLIAMS 1971). Coxiel la striata (Gastropoda) has a 
wide range of salinity tolerance, from 20-112 ppt 
(BAYLY & WILLIAMS 1966) and is typical of saline lakes 
throughout south-east Australia (BAYLY 8¢ WILLIAMS 
1966; WmLIAMS 1992). All other macroinvertebrate or- 
ders such as Bivalvia, Hemiptera, Coleoptera, Diptera, 
Trichoptera, Odonata nd Oligochaeta have been report- 
ed at salinities well above the salinity levels in the pre- 
sent study (BAYLY & WILLIAMS 1966; KNOWLES 1971; 
WALKER 1973; TIMMS 1980, 1981). Thus the occurrence 
of these taxa in the study lakes was not unexpected on 
the basis of salinity tolerance. Differences in benthos be- 
tween the lakes could not be attributed to salinity and 
further work is needed to determine the physico-chemi- 
cal and biological influences on benthos at low to inter- 
mediate salinities. 
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